Abstract. The aim of study was to evaluate the quality of hen eggs influenced by supplementation of copper with lysine chelate (CHL). The material consisted of eggs from two groups of Hy-Line Brown laying hens aged 300 days. Group I, negative control (NC), did not receive any additives. The hens from group II were treated with CHL at a dose of 30 mg Cu L −1 with drinking water. After 4 weeks of supplementation, 60 eggs from each group were randomly collected for quality analysis. The characteristics of the whole egg and its individual elements (shell, yolk, and albumen) were evaluated. The supplementation of CHL increased the egg weight, as well as the weight and height of albumen. There were no changes in the shell strength parameters, and its darker color may increase potential consumer acceptance, but requires confirmation by sensory analysis of the eggs. The copper addition was relatively small, but even this dose caused some changes in egg quality. Little changes in the mineral composition of individual elements of the eggs have been reported. It is therefore very important to continue research to find the smallest effective dose of this micronutrient, to study the duration of time it should be given in order to obtain the best quality of eggs, and to minimize the mineral disorders in organisms.
Introduction
A lot of factors may modify table egg quality: the genotype (Batkowska and Brodacki, 2017) , age of the hens (Zita et al., 2009; Sarica et al., 2012) , environmental conditions, including rearing systems (Ðukić-Stojčić et al., 2009; Batkowska et al., 2014) , as well as feed additives (Safaa et al., 2008) , which include micro-and macroelement supplementation. The microelement most commonly used in poultry production is copper. This element is a component of many enzymes and also their activator. It is a cofactor of superoxide dismutase, an enzyme-inhibiting free radical reactions (Wieleba and Pasternak, 2001) . In terms of table egg production, copper contributes to an increase in shell strength (Pekel et al., 2011) and the reduction of cholesterol content in yolk (Lim et al., 2006) . Copper deficiency may limit egg production and increase the number of eggs with irregular size and shape, resulting in wrinkled, thick and textured shells or even eggs without shells (Baumgartner et al., 1978) .
Micro-and macroelements are added mainly in inorganic form. However, studies show that both the recommended doses and estimated requirements of the hens are too high, and that the availability of inorganic compounds is insufficient (Esenbuga et al., 2008; Zhao et al., 2010) . This is due to the limited absorption capacity of the gastrointestinal tract caused by the attachment of these micronutrients by various compounds (phytates, fiber fractions, and tannins). Such complexes are persistent, difficult to absorb, and are excreted, causing further environmental contamination (Atia et al., 2000) . Consequently, mineral supplementation with better absorption is sought after and for this purpose, chelates are suitable. In these compounds, one part is most often an amino acid and the other is a metal ion. Metals of metal ions with organic substances such as amino acids, peptides or polysaccharide complexes provide greater bioavailability, stability and solubility. Thanks to these properties of chelates, the microelements are easily transported and absorbed in the hen's intestines. Additionally, they are more stable and biochemically protected against reactions to other ingredients that may limit their absorption (Paik, 2000) .
Available research connected to copper supplementation in poultry feeding differs in obtained results. Part of the research showed that copper had a beneficial influence. The rest of the research revealed that copper does not change the physiological parameters or the quality of poultry products (Lim and Paik, 2003; Olgun et al., 2012; Stanćev et al., 2013; Yenice et al., 2015) . The purpose of the study was to evaluate the quality of hen eggs affected by the supplementation of copper chelate with lysine (CHL) through combining issues such as possible copper deficiencies, the form of its administration, and lack of unequivocal data connected to the influence of this mineral.
Material and methods
The study was carried out on 400 Hy-Line Brown hens. The stock was maintained in the litter system and achieved sexual maturity at the age of 21 weeks. In the diet, standard balanced mixtures for laying hens were used ( Table 1 ). The hens were randomly divided into two groups. Group I, consisting of 200 hens, was a negative control (NC) group fed without any additives. Group II, also consisting of 200 hens, was the experimental group supplemented with 30 mg Cu L −1 CHL in drinking water for four weeks. During the whole experiment, principles of ethics and the welfare of the hens were maintained (Council Directive, 1999/74) . After two weeks, 60 eggs from each group were randomly collected.
The following traits were evaluated: egg weight, features describing shell (color, strength, weight, thickness, and density), albumen (weight and Haugh units), and yolk (color and weight) using electronic set EQM (Egg Quality Measurements by TSS ® ) and Instron Mini 55 devices. Proportions of individual elements of eggs were calculated as well.
Samples of the egg content, yolk, and albumen, were collected to determine the mineral composition. The samples were subjected to mineralization, followed by the determination of Cu, Zn, Fe, Mg, and Ca through atomic absorption spectrometry (AAS) and the phosphorus (P) content was measured using the colorimetric method (Fiske and Subarow, 1925) .
The data were analyzed with the use of statistical package SPSS ver. 21.0 (IBM, 2011) . The normality of the data was verified using the Kolmogorov-Smirnov test and the difference between groups was determined through the t-test. 3 Results and discussion Table 2 shows the characteristics of the whole egg depending on the group. There was a significant increase in egg weight in the group supplemented with copper chelate. Similar relationships between the groups were reported for the weight and height of albumen. This is confirmed by the fact that larger eggs are also characterized by bigger albumen content (Fletcher et al., 1983 ) and a higher dense fraction of albumen (Nestor and Jaap, 1963) . Eggs from the CHL group were characterized by a 5 % smaller yolk weight. Estimated Haugh units showing the albumen quality (Menezes et al., 2012) were slightly higher in eggs from hens supplemented with copper. Through studies of Ankari et al. (1998) conducted on copper's influence on organisms and productivity of hens, the hens were supplemented with copper, 250 ppm Cu, in a form of sulphate, protein compound, and lysine chelate. Compared to the control group, protein intake was lower in groups 2 and 3, but the group treated with lysine chelate did not show any difference in comparison to the control group. The copper sulphate group was characterized by better egg production in comparison to other groups, but the eggs were smaller. Table 2 also contains quality indicators of egg shells. In the group of laying hens fed with CHL, hens were laying eggs with a much heavier shell and larger volume, which explained the greater weight of egg. However, the proportion of the shell in the egg mass and the shell strength recorded in this study did not change as a result of the additive used. Mechanical properties of the shell correspond to the concentration of the matrix proteins and its structure (Ahmed et al., 2005) . Changes that occur along with the age of the hens result from the slowing down of the mineralization process and limiting calcium and phosphorus assimilation in the feed. Proper mineralization of the shell is influenced by, among other things, structural proteins, calcium, vitamin D3, vitamin C, chlorine, magnesium, and electrolyte balance in body fluids (Hunton, 2005) . Among the micro-and macroelements in the feed in terms of egg shell quality, the most important are calcium and copper. Copper, by increasing bone saturation of calcium, may indirectly affect the strength of shell, which depends significantly on the content of micronutrients in the feed (Yenice et al., 2015) . In this study, the applied addition did not significantly change the strength of the shell, but the value of this parameter was slightly lower in the experimental (CHL) group (4.4 %). Lundeen (2001) observed a higher percentage of eggs with a stronger shell and smaller number of crushed eggs after the administration of organic microelements to the feed for 40 and 60-week-old laying hens. Franco and Sakamoto (2001) showed that minerals not only improved the quality of shells but also influenced the chemical quality of eggs, which positively affects their nutritional value and quality during storage. Olgun et al. (2012) obtained eggs with thicker and heavier shells from hens supplemented with copper in doses from 75 to 300 mg per kg of feed. The percentage of broken eggs was the smallest in the control group, which may indicate a more fragile shell caused by the mineral supplement. According to Yenice et al. (2015) there are no significant differences in the percentage of the eggs with a broken shell, shape index, proportion and thickness of the shell or height of the dense albumen. However, the shell resistance was reduced in the eggs derived from laying hens supplemented with micronutrients including copper in various forms (organic and inorganic).
Evaluating the effectiveness of various copper organic compounds (Lim and Paik, 2003) , copper chelate with methionine, chitosan and yeast were used. It was discovered that Met-Cu chelate not only reduces the number of broken eggs, but also increases the occurrence of gizzard erosion. The most positive influence on egg quality characteristics had yeast preparation, however the shell strength did not differ between the groups. Sechinato et al. (2006) did not state the effect of supplementation with zinc, manganese, copper, iron, or selenium, individually or in combination, in organic or inorganic form, for egg production or quality from hens aged 48-60 weeks. Also Stanćev et al. (2013) indicated that there was no impact of the biocomplex containing copper, manganese, and zinc on the egg weight and the shell quality. It is interesting to note that a darker color of the shells was found, so it seems that this feature does not depend solely on the genotype of the laying hen. Zita et al. (2009) showed a significant positive correlation between the color of the shell and its thickness (0.126), and the negative value of the ratio between the color and the proportion of the shell in the egg mass (−0.108). Table 3 shows the results of the analysis of the mineral composition of each egg element depending on the additive used. In the yolk, it was found that the lysine chelate administration reduced the iron, magnesium, and calcium content. It was observed that the CHL group also showed higher copper content in the albumen than the control group. Similar relationships between the groups were reported for zinc, magnesium and calcium. However, a statistically significant decrease in iron content was observed. The supplementation did not affect the mineral composition of the egg shell.
The obtained results did not confirm the observations of other authors (Skřivan et al., 2005) , where the administration of 25 mg Cu considerably increased the content of this trace mineral in the yolk and eggshell. The antagonistic relationship between zinc and copper was not confirmed. This may be due to the relatively short time of supplement administration (2 weeks), whereas in the cited work, eggs were collected for analysis after 27 days of supplementation. According to Pekel and Aip (2011) , regardless of the source, when the content of copper in the egg increased, its content in the hen's feces was four times higher in comparison to the control group. Similar results were obtained after the use of organic copper forms. Statistically, a significant increase in this microelement concentration in egg content, shell, blood, and feathers was noticed and may confirm better absorption of copper from organic forms than copper sulphate (Dobrzański et al., 2008) . However, the addition of organic forms of iron and manganese to the feed did not change the content of these mineral elements in the examined tissues; only in the group receiving the organic form of Mn was it significantly bigger in its feather content than in the control group. There was no interaction of copper, manganese, and iron with respect to zinc. Jegede et al. (2015) indicated the possibility of copper accumulation in egg yolk from the time of administration. However, the action of Cu depends on its form. There was significantly better efficiency in the organic (protein) form than the inorganic compound (copper sulphate), especially in terms of lowering cholesterol in blood serum and egg yolk. It seems that organic forms of trace mineral supplements may appear to be effective, but the complete replacement of inorganic trace mineral sources with organic mineral sources in the hen's diet allows a reduction in excreted trace minerals and does not negatively affect egg production or the quality of egg shells (Carvalho et al., 2015) .
Conclusions
The supplementation of 30 mg L −1 of copper as its chelate with lysine improved the weight of the obtained eggs as well as the weight and height of the albumen. There were no changes in the shell strength parameters. Its darker color may increase the acceptance of the eggs by potential consumers, but this requires confirmation by sensory analysis of the raw material. There were minor changes in the mineral composition of each egg element. The applied dose of copper resulted in changes of egg quality. It seems that the continuation of research is justified to determine the minimal effective dose of this micronutrient, as well as to establish the time of administration, to achieve the best quality of eggs, and to minimize mineral disorder in the organism.
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